ABSTRACT. Nematodes were collected from 14 raccoon dogs (Nyctereutes procyonoides viverrinus) on Yakushima Island, Kagoshima Prefecture (Kyushu), Japan, that were the progeny of recently introduced animals to this World Natural Heritage Area, probably within the last 2 decades. Seven nematode species (Toxocara tanuki, Ancylostoma kusimaense, Arthrostoma miyazakiense, Strongyloides planiceps, Trichuris vulpis, Gongylonema sp., and Dirofilaria immitis) were collected from the raccoon dogs. Two nematode species (Molineus legerae and Strongyloides martis) were collected from 2 Japanese weasels (Mustela itatsi) indigenous to this island that were killed by traffic accidents. Considering that foxes and other carnivores, except for weasels, dogs and cats, are not distributed on this island, most of soil-borne nematodes such as roundworms, hookworms, and threadworms in raccoon dogs should have been introduced by the original population from the mainland Japan, and the infection hence maintained at a high level by new generations. Recovery of the third-stage larvae of Gongylonema sp. from the esophagus of raccoon dogs was remarkably frequent (79%), suggesting that the animals might vigorously take insect hosts. Although S. martis have never been recorded from weasels in Japan until this study, this threadworm might be prevalent in a variety of mustelids in Eurasia.
In our previous work [38] , we described 5 trematode species collected from raccoon dogs (Nyctereutes procyonoides viverrinus) and Japanese weasels (Mustela itatsi) on Yakushima Island, Kagoshima Prefecture, Japan. The collected trematodes included the triploid form of Paragonimus westermani, Paragonimus ohirai, Brachylaima tokudai, Maritrema eroliae, and Pseudocryptotropa sp. Although raccoon dogs are considered as a recently introduced carnivore to this island located 60 km south from the southernmost peninsular tip of Kyushu Island, Japan [4, 20, 44] , it is thought that all trematodes were originally maintained by other host species there, and this omnivorous host might acquire them from live foods such as crabs, snails, and other intermediate hosts in a new ecosystem.
In general, after placing a host at a new locality or island separated from inland habitats, primary parasite fauna is largely lost and a notable variation appears in the diversity and intensity of parasitic infections in a new ecosystem. Special examples were provided by several helminthological investigations on raccoons (Procyon lotor), indigenous in North America [6, 11, 14, 33, 35] . In this sense, the helminth fauna of recently introduced raccoon dogs on Yakushima Island is of great interest. In addition, as a major part of Yakushima Island became a World Heritage Area in 1993 because of its great diversity and uniqueness of species, major wild mammals with larger sizes were restricted to deer (Cervus nippon yakushimae), macaques (Macaca fuscata yakui), and weasels (M. itatsi), while foxes (Vulpes vulpes), wild boars (Sus scrofa leucomystax), hares (Lepus brachyurus), or martens (Martes melampus) common to other parts of Japan are not distributed there [4, 44] .
In the present study, we describe parasitic nematodes of raccoon dogs and weasels on Yakushima Island. These animals were collected in 2004 and 2005 by a research team organized and supported by the Ministry of the Environment to carry out an ecological survey on the introduced mammal on this island [20] .
MATERIALS AND METHODS
To collect ecological data on alien mammals, raccoon dogs were caught in the coastal area of Yakushima Island using 33 Fig. 1 for collection sites). Trapping points were in Nagata, Miyanoura, Hirano, and Mugio located at the rivermouth region, 3-50 m above sea level; those in Seibu-rindo were in a mountainous area, 160-200 m above sea level. Trapped raccoon dogs included 5 females (2.10-3.90 kg in body weight (BW)) and 4 males (2.40-3.20 kg in BW) in 2004, and 1 female (1.75 kg in BW) and 4 males (1.5-2.35 kg in BW). After euthanasia by a humanitarian method and collection of zoological data, thoracic viscera and digestive tracts were removed from carcasses, frozen at -20°C, and sent to the parasitology laboratory.
After gross examinations in the laboratory, the trachea, esophagus, stomach, and intestines were cut open longitudinally, scratched carefully by gloved hands, and the contents were washed repeatedly by simple sedimentation in tap water. The sediments collected were checked thoroughly under a dissection microscope. Collected sediments were also used later for analysis of food items in a zoology laboratory [20] . Collected parasites were fixed in 70% alcohol or 10% neutral-buffered formalin. During the project, 3 weasels that were killed in road traffic accidents were collected and treated in a similar manner to that used for raccoon dogs, except for one weasel that lost viscera. Drawings of specimens were made with an aid of camera lucida, and measurements were made on these drawings.
Data are expressed as mean ± SD or as mean with range. Differences between two groups were examined for significance using the Student's t-test. A P value less than 0.05 denoted statistical significance.
RESULTS
In addition to the 5 trematode species reported in our previous study [38] , 7 nematode and 3 acanthocephalan species from raccoon dogs, and 2 nematode and 1 acanthocephalan species from weasels were collected (Table 1) . Raccoon dogs trapped in places other than Nagata and Seibu-rindo ( Fig. 1 ) harbored no trematodes, and thus no more data of trematodes was added to the previous study [38] , which reported trematode parasites in these hosts collected in Nagata and Seibu-rindo. Taxonomical details of acanthocephalans are reported separately [37] .
Soil-borne nematodes other than threadworms: The morphology of Toxocara tanuki Yamaguti, 1941 , Ancylostoma kusimaense (Nagayoshi, 1955), Arthrostoma miyazakiense (Nagayoshi, 1955), and Trichuris vulpis (Fröhlich, 1780) collected in the present study corresponded well with morphological descriptions of each species from previous studies [21, 46, 50, 53, 54] . Then, no morphological details are given here. Soil-borne infections with roundworms and hookworms were found in raccoon dogs from all trapping areas on Yakushima Island with a high prevalence (43-79%). Trichuris vulpis was found only from a single raccoon dog trapped at Miyanoura, and counted to be 146 young adults and developing young. Arbitrarily selected adult females (n=6) measured 22.7 (17.3-27.9) mm in length and 0.18 (0.10-0.24) mm in maximum width at the posterior body. No egg production was found in any whipworms. From 2 weasels collected at Nagata and Seibu- (Roger, 1939) : Seven parasiticfemales were collected from 4 raccoon dogs trapped at Nagata and Miyanoura. The parasitic-females were small and fine, measuring 2.4-3.5 mm in length and 0.032-0.037 mm in maximum width. This species was characterized by stunted tails with a bluntly rounded end (Fig. 3) . The shape of the stoma in the apical view was not observed in this study. The vulva situated at around 2/3 of the whole length from the mouth, and both anterior and posterior branches of the ovary made a half-time spiral around the intestine. Some actual and relative lengths of different features of reported S. planiceps isolates, along with our unreported specimens collected from raccoon dogs in the mainland Japan (Wakayama Prefecture, Honshu), are compared in Table 2 .
Strongyloides martis Petrow, 1938 : Eight parasiticfemales were collected from a single weasel trapped at Nagata. The parasitic-females were small and fine, measuring 2.2-3.1 mm in length and 0.025-0.034 mm in maximum width (Fig. 4) . The shape of the stoma in the apical view was not observed in this study. The vulva situated at around 2/3 of the whole length from the mouth, and both anterior and posterior branches of the ovary ran straight along the intestine. The tail was short and conical with a pointed end (Fig. 4 A-E). Some actual and relative lengths of different features of reported S. martis isolates, along with our unreported specimens collected from a Japanese weasel (Mustela itatsi) in the mainland Japan (Wakayama Prefecture, Honshu), are compared in Table 3 .
Gongylonema sp. larvae: An average of 4.5 (range, 1-15) larvae per host were found from the esophageal contents of 11 raccoon dogs trapped at all localities (prevalence of 79%). The larvae were slender through the whole body length. Measurements of 5 worms are 3.10 ± 0.21 (2.78-3.32, n=5) mm in length and 0.088 ± 0.010 (0.076-0.101) mm in width (Fig. 5) . The depth of mouth was 0.033 ± 0.002 (0.031-0.037) mm, and the nerve ring and excretory pore were at 0.158 ± 0.004 (0.152-0.163) mm and 0.233 ± 0.010 (0.220-0.245) mm from the mouth, respectively. The esophagus consisted of muscular and glandular portions, measuring 0.285 ± 0.023 (0.254-0.318) mm long and 1.451 ± 0.107 (1.301-1.600) mm long, respectively. The total length of the esophagus was 1.736 ± 0.130 (1.555-1.918) mm, 56 ± 3 (52-60)% of the whole worm length. The tail was 0.156 ± 0.012 (0.141-0.169) mm in length, ending 5-6 minute projections (Fig. 5) . Male genital primordium was located at 3/4 of the whole worm length from the mouth.
Dirofilaria immitis (Leidy, 1856): Two female and 1 male developing adults were collected from the peritoneal cavity of one raccoon dog after artificial damage to the heart at autopsy. The infected male animal was caught at Seiburindo and weighed 2.70 kg.
DISCUSSION
It is believed that raccoon dogs were not originally distributed on Yakushima Island, but since they were first noticed in the early 1990s, their population and distribution area are expanding remarkably [4, 44] . Although the detailed process of the introduction is unknown, it is surprising that almost all soil-borne nematodes such as T. tanuki, A. kusimaense, A. miyazakiense, S. planiceps, and T. vulpis, that are prevalent in this host species in mainland Japan [21, 36, 45, 46, 49] , were collected from the progeny of artificially-introduced hosts on the island far from the mainland. Considering that foxes and other carnivores, except for weasels, dogs and cats, were not distributed on this island, most of soil-borne nematodes in raccoon dogs, at least roundworms and hookworms, should have been introduced by the original members from the mainland. One major factor that maintains the life-cycle of soil-borne nematodes might be the special defecation habit of raccoon dogs at a certain site called "latrine" [51] . Because S. planiceps and T. vulpis were reported from cats and dogs [8, [15] [16] [17] 19] , there is a possibility that these soil-borne nematodes recovered from the raccoon dogs originated from these companion animals kept on Yakushima Island. Strongyloides planiceps has been recorded from cats, dogs, raccoon dogs, foxes, and weasels in Japan [8, 9, [15] [16] [17] [18] 30] , and it is speculated that this species should be prevalent in raccoon dogs and foxes in all parts of Japan including Hokkaido, albeit practical detections are rare without special attention to this species. In addition, it is often difficult to characterize and identify the species of threadworms based only on the morphology of the parasitic-female [28, 42] . However, S. planiceps has a characteristic stunted tail. Horie et al. [15] [16] [17] [18] conducted detailed morphological observations in this species collected in the Kansai region of Japan. Fortunately, we recently collected a few specimens of S. planiceps from a raccoon dog in this region (Wakayama Pref.). Our specimens collected from raccoon dogs on Yakushima Island and in Wakayama Prefecture corresponded well in morphology, although our specimens showed shorter tail lengths than those provided by Horie et al. [15] [16] [17] [18] or the original description of this species by Rogers [34] . As mentioned above, this threadworm has been recorded sometimes in companion animals such as cats and dogs [8, [15] [16] [17] . However, it is reasonable to speculate that the threadworm was introduced to Yakushima Island by the original members of introduced raccoon dogs, because the actual prevalence of this fine nematode might be higher in raccoon dogs distributed in the mainland Japan than has been demonstrated by helminthological examinations of carcasses.
As in S. planiceps from raccoon dogs, we collected an identical species of threadworms from weasels both on Yakushima and in Wakayama Prefecture. To our knowledge, recovery of threadworms from weasels in Japan is limited to 3 reports by Kamiya and Ishigaki [22] , Arizono et al. [3] , and Fukase et al. [9] . A single parasitic-female described by Kamiya and Ishigaki [22] was collected from a Japanese weasel in Hokkaido, and was distinct from either S. planiceps or our specimens from weasels described here because of its longer body size, 6-7 mm in length. Arizono et al. [3] obtained a Strongyloides sp. from raccoon dogs and weasels in Kyoto Prefecture, but provided no morphological descriptions. Fukase et al. [9] collected a Strongyloides sp. having a tail abruptly tapered with a rounded end from 26 of 40 raccoon dogs and 2 of 5 Japanese weasels, and specified them as S. planiceps. The Strongyloides isolates we collected from weasels on Yakushima and in Wakayama Prefecture had an identical short tail that was conical with sharp end, distinct from the stunted tails with a bluntly rounded end of S. planiceps. Kamiya and Ohbayashi [23] reported two types of Strongyloides spp. from red foxes (Vulpes vulpes schrencki) in Hokkaido. The larger worms from collected from the esophagus of raccoon dogs. B, anterior end; C, the border between esophagus and intestine; D, caudal end, and its tail tip at a higher magnification as an insert photograph; E, ventral view of the tail tip at a high magnification; and F, dorsal view of the tail tip at a high magnification. Abbreviations: An, anus; EI, the border between the esophagus and intestine; EP, excretory pore; GE, the beginning of glandular esophagus; ME, the beginning of the muscular esophagus; and NR, nerve ring.
them are now considered to be S. planiceps [30] , and the others remain to be specified. Speare [42] listed 4 Strongyloides species from carnivores of the family Mustelidae: S. lutrae Little, 1966 ; S. martis Petrov, 1940 ; S. mustelorum Cameron and Parnell, 1933 ; and S. putorii Morosov, 1939 . Among them, the closest to our specimens from weasels was S. martis with a short conical tail, although a detailed description was lacking in 3 species other than S. lutrae. Petrov [32] described the shape of the tail of S. martis as bluntly ended. The specimens from weasels on Yakushima Island had somewhat bluntly ended tails, whereas those from weasels in Wakayama Pref. had a sharply-ended tails. We could consider that these 2 are essentially identical, and the former showed an artificial swelling, a type of postmortem change [42] . Egg sizes of S. martis described by Petrov [32] are extraordinarily long, 0.091-0.102 mm by 0.021-0.023 mm, distinct from our specimens on this point. Strongyloides martis has been recorded from a variety of animals belonging to the family Mustelidae (Mustela spp., Martes spp. and Lutra lutra) from Eastern Europe and Western Russia. Little [28] suggested a possibility of this species as a junior synonym of S. mustelorum, because both species are found in the same host (Mustela erminea) from Europe, and the parasitic-females have approximately the same body dimensions. Furthermore, it is possible to reproduce artificially a unique form of the tail of S. mustelorum drawn by Cameron and Parnella [5] as shown in Fig. 4E . There is need to adequately re-describe Strongyloides spp. collected from Mustela spp. in the near future, and compare the morphological details as well as genetic characteristics of the isolates collected worldwide in multiple localities. In the case that S. martis and S. mustelorum are identical, our specimens should be classified as S. mustelorum. Strongyloides lutrae recorded from a river otter (Lutra canadensis) has approximately identical body sizes with our specimens from Japanese weasels, but distinct from our specimens at least by the point that the anterior ovary makes one to two spirals around the intestine [28] . Strongyloides putorii from Mustela putorius in Nizhny Novgorod, Russia has an absolutely short esophagus (7.7% of the whole body length) [31] , clearly distinctive from our specimens.
In Japan, M. legerae were believed to be prevalent in raccoon dogs and foxes, whereas M. patens were common in mustelids [10, 36, 45] . Hasegawa et al. [12] Pesson, 1987 reported from mustelids in the Palaearctic region: the latter two species were recorded from mustelids in Germany and Russia, respectively [7] . Molineus petrovi, the most closely related species to M. legerae, could be differentiated from our specimens by its characteristic of the postero-lateral ray that does cross the externo-dorsal ray, and M. europaeus could be differentiated from ours by the characteristic that 3 distal ends of spicules are equal in length [7] . Since we could not recover M. legerae from raccoon dogs on Yakushima Island, it seems reasonable to consider that weasels on this island originally harbored this species. Because this species is generally believed to be canid parasites at present [7] , and few surveys on gastrointestinal parasites of wild carnivores in Kyushu, the nearest mainland Japan, have been done, it is difficult to explain the reason why only M. legerae was isolated from weasels on Yakushima Island.
The spirurid larvae recovered from the esophageal surface at a high frequency share common features with the third larval stage of spiruroids: the third-stage larvae are generally large, and their caudal extremity has terminal spines or tubercles in most cases [2] . In particular, our specimens were characterized by 1) slender body of the same width except at both ends (tapering slightly at anterior portion and rather abruptly after the anus to posterior end); 2) lateral border of the mouth projecting outward and elevated above surrounding surface of the head; 3) long esophagus corresponding to 52-60% of the total worm length; and 4) the rounded tip of the tail with a circle of small spines. Based on these morphological characteristics, it is likely that our specimens are the third-stage larvae of the genus Gongylonema [1, 2] .
In Japan, at least two Gongylonema spp. are known to be distributed: G. pulchrum Molin, 1857 from cattle [25, 43] , deer (Cervus nippon nippon) [52] , wild macaques on Yakushima Island and in other parts of Japan (M. f. yakui and M. f. fuscata, respectively) [47 48] , and zoo-kept squirrel monkeys [41] ; and G. macrogubernaculum Lubimov, 1931 from macaques (M. f. yakui) originated on Yamakushima Island [48] . Exclusively on Yakushima Island, both G. pulchrum and G. macrogubernaculum are distributed, taking deer, macaques and domestic mammals such as cattle, goats, and pigs as potential definitive hosts, although there has been no survey of their prevalence in these animals. Measurements of our specimens corresponded well with the third-stage larvae of G. pulchurum [1, 26, 27] , however, the position of genital primordium as well as the number and form of digitiform processes on the tail end were distinct from this species [1, 26] . Data on the morphological features or developmental changes of G. macrogubernaculum larvae has never been provided, and we could not compare our specimens with those data. Here, we tentatively identified our specimens as Gongylonema sp., but it is necessary to specify the name of the parasite in future based on the morphology of adult worms obtained experimentally, or genetic characterization of the larvae collected from raccoon dogs and G. macrogubernaculum. A variety of dung beetles and cockroaches play a role as intermediate hosts of spirurids including Gongylonema spp. [2, 26] . The high preva-lence (79%) of the spirurid larvae in raccoon dogs on Yakushima Island suggests that dung beetles or cockroaches there are highly infected with the parasite, or that raccoon dogs are used to vigorously take those insects, or both.
Dirofilaria immitis has been recorded infrequently (or exceptionally at a high rate dependent on the host locality) from raccoon dogs in Japan [13, 21, 29, 45, 46] . Although we do not know the prevalence of D. immitis in dogs on Yakushima Island, this host must be important in maintaining the natural life-cycle of the heartworm there, and the raccoon dog got the infection as a result of being bitten by infected mosquitoes.
Parasitological surveys of alien animals in a new ecosystem sometimes found scarcely known or unknown distribution of parasitic organisms maintained originally by native animal hosts [35, 37, 38, 40] . This is partly ascribed to the abundant supply of animal materials for examination, and year-round collection of animals which enables the collection of information on parasites showing seasonal changes in prevalence. Accordingly, parasitological surveys on culled animals will provide an alternative opportunity to collect information on the fauna and geographical distribution of symbiotic organisms in the native wildlife around us. Of course, it is also important to assess and monitor parasites causing diseases in residents, companion animals, and indigenous wildlife in a newly built ecosystem with alien animals.
